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Histological studies of the brain, lungs, liver, kidneys, heart, and the spleen were
carried out in mice previously infected with 6 pathogenic strains of free-living
amoebae of the genus Acanthamoeba. The potential virulence of the strains
studied was determined on the basis of re-isolation of the amoebae from the
organs of the inoculated animals and by the extent of the histopathological
changes inflicted. The most virulent was strain AD16, affecting all organs of the
inoculated mice, while the least virulent was strain AD148 re-isolated from the
brain of a single mouse. The extent of the changes in the brain depended upon
the amoebae strain, while in the remaining organs it also depended upon the
duration of the infection.
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INTRODUCTION
Infections caused by virulent strains of free-
-living amoebae constitute a current medical problem.
The amoebae, particularly those of the genera Acan-
thamoeba and Naegleria, commonly occur in all kinds
of water bodies, as well as in soil, and their resting
stages can be distributed at great distances together
with atmospheric dust particles [25, 26]. The first
human cases to be described prompted intensive
studies on the epidemiological risk and an improve-
ment in the diagnostic methods and the markers of
the virulence traits of these amoebae. In the 1960s,
in close proximity to the Polish border, fatal infec-
tions with Naegleria fowleri were diagnosed in young
persons in the town of Usti nad Labem in the former
Czechoslovakia [3]. The source of infection was the
water in an indoor swimming pool. In Poland only
cases of ocular acanthamoebosis (acanthamoeba
keratitis) have been described [9, 16, 24]. It is very
likely that the infection of other organs remains un-
detected. Studies on the occurrence of amphizoic
amoebae in the natural environment have been car-
ried out in the vicinities of the cities of Poznań
[12–14, 22], Lublin [7, 8, 33], Gdańsk [1] and, most
recently, Szczecin [10]. These studies have confirmed
the ubiquity of amoebae in both natural and man-
made bodies of water.
Histopathological studies on experimentally-
-induced cerebral and extra-cerebral infections
caused by free-living amoebae have hitherto been
very rare and have not provided any explicit account
of their pathogenicity.
The aim of the present paper was assessment of
the histopathological changes in the organs of mice
in the course of experimental infection with 6 iso-
lates of Acanthamoeba spp. from natural and artifi-
cial bodies of water within the city limits of Szczecin.
MATERIAL AND METHODS
The material for the present study were the organs
of mice, experimentally infected with 6 strains of patho-
genic amoebae of the genus Acanthamoeba that had
been isolated earlier from natural and artificial bodies
of water situated in the city of Szczecin [10].
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The virulence of the amoebae was determined
on the basis of their ability to infect laboratory mice.
Two-week-old Swiss mice were inoculated intra-na-
sally with 3 µl of suspension containing 10–20 thou-
sand of the amoebae. Control animals were given
the same volume of physiological solution. After in-
oculation the mice were monitored constantly.
Between the 3rd and the 14th days post infection
(dpi), depending on the presence of clinical signs of
infection (limited mobility, dejection, tail chasing, or
emaciation), the animals were sacrificed with a peri-
toneal overdose of pentobarbitone (2 ml/kg body
weight) and subsequently necropsied. Dissected frag-
ments of the brain, lungs, liver, kidneys and heart
were taken for histopathological study. Paraffin
5-µm sections were stained with haematoxylin and
eosin. Concurrently, the fragments (5 × 5 mm) of
the same organs were inoculated on NN agar and
incubated at 42oC, to assess the infection intensity
levels of the animals. The cultures were monitored
daily by microscope for 7 days at low magnification.
RESULTS
The most virulent strain was AD 16, as this had
invaded all the studied organs of the infected ani-
mals as early as 3 dpi (Table 1). All the strains of the
pathogenic amoebae studied were re-isolated from
the brain. The most intensive infections, however,
were caused by strain AM 17. Within 6 hours of in-
oculation the brain samples affected by this strain
had produced an abundance of trophozoites on agar
plates. With regard to other strains, very few amoe-
bae were observed within 24 hours of inoculation.
In a macroscopic assessment, the cerebral hemi-
spheres of the inoculated animals demonstrated oede-
ma and congestion and the extent of those changes
depended on the strain and not on the duration of
infection. A severe cerebral oedema, obliteration of
the sulci and meningeal congestion on the entire sur-
face area of the brain hemispheres were observed in
mice necropsied 14 dpi (with strains AM 148 and AD
166) as well as in mice examined 3 dpi (with strains
AM17 and AD16). On the other hand, in mice necrop-
sied at 7 or 14 dpi (strains JG 172 and AD 148) the
changes were limited to small oedema and conges-
tion of the frontal lobes and olfactory bulbs.
The most extensive microscopic changes to the
brain were observed in the animals infected with
strain AM 17. Meningeal detachment was observed,
particularly in the area of the frontal lobes. Numer-
ous trophozoites, neutrophils, macrophages, plas-
ma cells, and single multinucleate giant cells (Fig. 1)
were present under the meninges. The superficial
layers of the cerebral cortex featured necrotic foci
with atrophy of the nerve and glia cells and minute
haemorrhages. Some necrotic areas were associated
with inflammatory infiltrations (Fig. 2A). Only single
trophozoites and cysts, inflicting no inflammation,
were encountered in the cerebral cortex (Fig. 2B).
Damage to the endothelium and delamination
of the muscle fibres of some veins and arteries, as
well as the presence of macrophages, neutrophils and
trophozoites of the amoebae in the perivascular zone,
were also observed. Damage to the molecular and
granular layers of the cerebellum were detected only
in a single mouse infected with strain AM 17.
Amoebae of 5 strains were re-isolated from the lungs
(Table 1). Strains AD 16 and JG 172 induced higher in-
fection intensities. As early as 6 hours following the sub-
strate inoculation numerous amoebae were observed
in the vicinity of the lung fragments. In mice infected
with these strains both lungs were severely congested.
In the histological preparations the presence of amoe-
bae was detected in the pulmonary alveoli (Fig. 3), in
the perivascular spaces and in the walls and lumen
of the bronchi and bronchioli. Vascular wall dam-
Table 1. Virulent properties of Acanthamoeba spp. strains
Strain N D Number of infected mice and intensity of organ infection
     Brain      Lung    Liver Kidney Heart Spleen
N I N I N I N I N I N I
AM 17 3 3 3 +++ 3 + – 3 + 2 + 2 +
AM 148 3 14 3 + 2 + – – – –
AD 16 3 3 3 + 3 ++ 2 + 2 + 2 + 2 ++
AD 148 1 14 1 + – – – – –
AD 166 3 14 3 + 1 + – – – –
JG 172 3 7 2 + 3 ++ 3 + 3 + – 1 +
N — number of infected mice, D — days post infection; I — intensity of infection on a scale of 0–3, (–) — absence of infection in mice
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age and extravasations to the parenchyma and alve-
olar lumen were also observed. Epithelial hyperpla-
sia in the bronchi and bronchioli occurred in all in-
fected mice (Fig. 4). Necrotic foci, vast abscesses and
Figure 1. Exfoliation of the meninges with visible trophozoites,
numerous plasma cells and macrophages. Magn. 1000×.
Figure 3. Acanthamoeba spp. trophozoites in the alveoli of an
infected mouse. Magn. 1000×.
Figure 4. Hyperplasia of the epithelium of the bronchioles in the
lung of a mouse infected with strain JG 172 of Acanthamoeba
spp. Magn. 400x
Figure 2B. A cyst of strain AD 16 of Acanthamoeba spp. in the
cerebral cortex of an infected mouse with strain AD 16 of Acan-
thamoeba spp. Magn. 1000×.
B
Figure 2A. Necrotic focus and inflammatory infiltration in the
cerebral cortex of an infected mouse with strain AD 16 of Acan-
thamoeba spp. Magn. 400×.
A
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thickening of the alveolar walls were found in mice
infected with strains AM 148 and AD 166 at 14 dpi.
Only in the mice infected with strains AD 16 and
JG 172 were the amoebae re-isolated from the liver.
It took as many as 24 hours of incubation to obtain
a few trophozoites from the inoculated liver frag-
ments of these mice. In the microscopic pictures of
the livers of mice infected with strain JG 172, vast
necrotic changes with inflammatory infiltrations were
visible (Fig. 5). Trophozoites, whether few or numer-
ous, occurred sporadically. In the damaged areas
spaces vacated by hepatocytes were filled with blood.
On the other hand, in the livers of mice infected with
strain AD 16 necropsied at 3 dpi the histopatholog-
ical changes were manifested in the obliteration of
the lobular architecture, the presence of small in-
flammatory foci and the increased activity of Browicz-
-Kupffer cells. In the livers of mice infected with the
remaining pathogenic strains subsequent incubation
yielded no amoebae and only single minute inflam-
matory infiltrations were observed.
Three strains of amoebae were re-isolated from
the kidneys: AM 17, AD 16 and JG 172. The kidneys
of mice infected with strains AM 17 and AD 16 and
necropsied at 3 dpi featured haemorrhages and small
inflammatory foci. In mice infected with strain JG
172 and examined at 7 dpi excessive necrotic changes of
renal tubules and Bowman’s capsules were found (Fig. 6).
In the kidneys of mice infected with the remaining
strains (AM 148, AD 148, and AD 166), yielding no
amoebae throughout the incubation, only small in-
flammatory foci were observed in the cortical part.
The substrate inoculates of the heart muscle of
the infected animals yielded only 2 strains: AM 17
and AD 16. Histopathological changes in the hearts
of these mice were expressed as vast haemorrhages,
muscle tissue loss and small inflammatory infiltrations
(Fig. 7). The heart muscles of the remaining infected
mice showed no histopathological changes.
Only the spleens of mice infected with strains AM
17 and AD 16, inoculated on agar, permitted re-isolation
of the amoebae. A greater intensity of infection was ob-
served for mice infected with strain AD 16. After 24 hours
of incubation there were many more trophozoites in
the vicinity of fragments of this organ than in the incu-
bation media inoculated with organs from mice infect-
ed with the remaining strains. The spleen of the infect-
ed animals did not differ from the control in the macro-
scopic view. In the histological preparations of this or-
gan taken from all the infected mice, including those
yielding no re-isolated amoebae, there was hyperplasia
of the white pulp around the arteriolae (Fig. 8).
DISCUSSION
The present studies provide evidence of the di-
versified pathogenic properties of free-living amoe-
bae. The most virulent was AD 16, since in the mice
infected with this strain all the organs studied were
affected. Only from the liver was strain AM 17 not
re-isolated, while JG 172 was not re-isolated from
the heart. Strain AD 148 demonstrated relatively
weak virulence, as it infected only one mouse and
the amoebae in that mouse were re-isolated only
from its brain. The results now acquired indicate the
neurotropic character of all the strains studied and
the presence of the amoebae in the lungs, liver, kid-
neys, spleen and heart should be considered second-
ary infections. Other authors also [14, 19, 21] found
the brain to be the most frequent site of the primary
infection following intranasal inoculation, although
some strains may have closer affinity to the lungs,
without affecting the brain. It has been demonstrated
that the principal invasion route is the nose, where
the amoebae cross the cribriform plate and, follow-
ing the olfactory nerves, reach the brain [11]. Cen-
tral nervous system infections with Acanthamoeba
may originate from primary changes to the skin or
the respiratory system [4, 29]. According to Kasprzak
et al. [14] some strains of free-living amoebae dem-
onstrate a constant organ affinity during subsequent
passaging through experimental animals. Other
strains, however, may affect different organs or even
lose their infective properties altogether.
In the present histological study the cells of the im-
mune system, particularly macrophages or neutrophils,
were present only in the vicinity of abundant amoe-
bae. Our observations confirm the findings of other
authors. Ferrante and Abell [5] and Stewart et al. [31]
in their in vitro studies demonstrated that the pres-
ence of neutrophils and macrophages coincided with
the presence of dead Acanthamoeba trophozoites. On
the other hand, Kremer et al. [15] and Niederkorn
et al. [23] observed that in the course of experimental
keratitis in animals, the macrophages played the most
important role in the first line of defence.
The lack of inflammatory reaction in the vicinity
of single trophozoites and cysts suggests that a much
higher level of antigen is needed to trigger parasite
recognition by the immune system.
The most common microscopic changes observed
in the organs of the infected animals were blood
extravasations which occurred as a consequence of
damage and wall-continuity breakage of a vessel.
Vascular damage caused by amoebae has also been
emphasised by other authors [8, 18]. The histopatho-
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logical changes of the infected brain observed in the
present study are consistent with the observations
of other researchers [7, 8, 21]. However, hyperplasia
of the respiratory epithelium and necrosis of the liver
and heart have not hitherto been reported among
cases of extra-cerebral infection.
The results of our study and the findings of other
authors indicate, on the one hand, variability in
Figure 5. Extensive inflammatory infiltration in the necrotic area
of the liver of mouse infected with the strain AD 16 of Acan-
thamoeba spp. Magn. 400×.
Figure 6. Necrosis of the renal tubules of a mouse infected with
strain AM 17 of Acanthamoeba spp. Magn. 400×.
Figure 7. Hyperplasia of the white pulp in the spleen of
a mouse infected with strain AD 16 of Acanthamoeba spp.
Magn. 400×.
Figure 8. Extensive hemorrhage into the heart muscle of a mouse
infected with strain AM 17 of Acanthamoeba spp. Magn. 400×.
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the pathogenic properties of free-living amoebae
and, on the other hand, changeability in the host
resistance. It is commonly known that one aspect
of the parasite-host system is a balance between
the immune response of the host and the defen-
sive mechanisms of the parasite. These relationships
have been insufficiently studied in the case of Acan-
thamoeba and the human or animal organism.
According to Marciano-Cabral and Cabral [18], both
innate and acquired immunity play a role in the
defensive host mechanisms against Acanthamoe-
ba. In the light of existing knowledge, the magni-
tude of the symptoms and histopathological chang-
es in the host can be a sum of many factors such as
host immunocompetence on the one hand and the
virulence of the parasites on the other. According
to some authors studying the pathogenic proper-
ties of free-living amoebae, the intensity of the his-
topathological changes in the organs affected de-
pends on the virulence of a given strain [28], while
according to other authors it depends on the dura-
tion of the infection [8]. Our own observations in-
dicate that the magnitude of cerebral changes de-
pends on the virulence of a strain. The most viru-
lent were strains AD 16 and AM 17. Although inva-
sion with those strains lasted only 3 days, the chang-
es in the brain of the animals were very extensive.
On the other hand, the extent of the changes in
the lungs depended on the duration of the infec-
tion. Parenchymal pneumonia ammected the en-
tire lungs of mice with 14-day infections.
It is recommended that the malignance and viru-
lence of the strains be tested on 2-week-old mice
whose immune mechanisms are not fully developed.
The fact that not all inoculated mice became infect-
ed and that the symptoms and the course of infec-
tion differ may be the result of innate immunity.
Ferrante and Abell [5]. demonstrated the higher re-
sistance of some young animals immunised with
Acanthamoeba extract. Experimental studies on an-
imals have demonstrated that even oral immunisa-
tion results in a high immunity against infection with
parasites of the genus Acanthamoeba [17].
The ubiquity of the contacts of people with these
amoebae can be confirmed by the results published
by Èerva [2] and Niederhorn et al. [23]. These au-
thors demonstrated that between 50 and 100% of
persons examined in human populations had IgG
antibodies against Acanthamoeba spp. This may pro-
vide a clue as to why, despite the common occur-
rence of these amoebae in the environment, only
immunocompromised individuals acquire the infec-
tion. The relationship of rapid infection of amphizo-
ic amoebae with immune deficiencies in those in-
fected is known from the case descriptions of AIDS
patients, transplant recipients, or patients receiving
immunosuppressive therapy [6, 20, 27, 30, 32].
ACNOWLEDGEMENTS
This work is supported by Grant No 3PO5D 050
23 from the State Committee of Scientific Research,
Poland.
REFERENCES
1. Befinger M, Myjak P, Pietkiewicz H (1986) Occurence
of amphizoic amoebae in Lake Żarnowieckie. Bull Inst
Mar Trop Med, 37: 275–286.
2. Èerva L (1999) Acanthamoeba culbertsoni and Nae-
gleria fowleri: occurrence of antibodies in man. J Hyg
Epidemiol Microbiol Immunol, 33: 99–103.
3. Èerva L, Novak K (1968) Amoebic meningoencephali-
tis: sixteen fatalities. Science, 160: 92.
4. Deol I, Robledo L, Meza A, Visvesvara GS, Andrews RJ
(2000) Encephalitis due to a free-living amoeba (Bala-
muthia mandrillaris): case report with literature review.
Surg Neurol, 53: 611–616.
5. Ferrante A, Abell TJ (1986) Conditioned medium from
stimulated mononuclear leukocytes augments human
neutrophil-mediated killing of a virulent Acanthamoe-
ba sp. Infect Immun, 51: 607–617.
6. Gardner HA, Martinez AJ, Visvesvara GS, Sotrel A (1991)
Granulomatous amebic encephalitis in an AIDS patient.
Neurology, 41: 1993–1995.
7. Gieryng H, Gieryng R (1987) Zmiany histologiczne
w mózgu myszy wywołane doświadczalnym
zarażaniem pełzakami z grupy limax. Ann Univ Mariae
Curie-Skłodowska, Sectio D, 42: 103–109.
8. Gieryng H, Gieryng R, Piróg Z (1993) Zmiany histolog-
iczne w płucach myszy wywołane doświadczalnym
zarażaniem pełzakami z grupy „limax”. Wiad Parazy-
tol, 39: 367–372.
9. Gieryng R, Prost M, Gieryng H, Mazur T, Kasprzak W
(1994) Pełzakowe zapalenie rogówki — keratitis acan-
thamoebica. Klinika Oczna, 96: 163–167.
10. Górnik K, Kuźna-Grygiel W (2004) Presence of virulent
strains of amphizoic amoebae in swimming pools of the
city of Szczecin. Ann Agric Environ Med, 11: 233–236.
11. Jarolim KL, McCosh JK, Howard MJ, John DT (2000)
A light microscopy study of the migration of Naegle-
ria fowleri from the nasal submucosa to the central
nervous system during early stage of primary amebic
meningoencephalitis in mice. J Parasitol, 86: 50–55.
12. Kasprzak W, Mazur T (1972) Free-living amoeba isolated
from waters frequented by people in the vicinity of Poznań,
Poland. Experimental studies in mice on the pathognicity
of the isolates. Z Tropenmed Parasitol, 23: 391–398.
13. Kasprzak W, Mazur T, Èerva L (1982) Naegleria fowleri
in thermally polluted waters. Folia Parasitol (Praha),
29: 211–218.
14. Kasprzak W, Mazur T, Rucka A (1974) Studies on some
pathogenic strains of free-living amoebae isolated from
lakes in Poland. Ann Soc Belge Med Trop, 54: 351–357.
167
Katarzyna Górnik et al., Histology of mice organs infected with Acanthamoeba
15. Kremer I, Cohen EJ, Eagle RC Jr, Udell I, Laibson PR
(1994) Histopathologic evaluation of stromal inflam-
mation in Acanthamoeba keratitis. CLAO J, 20: 45–48.
16. Langwińska-Wośko E, Szaflik JP, Kołodziejczyk W, Zaraś M
(2003) Zapalenie rogówki wywołane przez Acan-
thamoeba u pacjenta po zabiegu refrakcyjnym.
Okulistyka, 2: 51–54.
17. Leher HF, Alizadeh H, Taylor WM, Shea AS, Silvany RS,
Van Klink F, Jager MJ, Niederkorn JY (1998) Role of
mucosal IgA in the resistance to Acanthamoeba kerati-
tis. Invest Ophthalmol Vis Sci, 39: 2666–2673.
18. Marciano-Cabral F, Cabral G (2003) Acanthamoeba
spp. as agents of disease in humans. Clin Microbiol
Rev, 16: 273–307.
19. Martinez A (1991) Infection of the central nervous sys-
tem due to Acanthamoeba. Rev Infect Dis, 13 (Suppl 5):
399–402.
20. Martinez AJ, Visvesvara GS (2001) Balamuthia mand-
rillaris infection. J Med Microbiol, 50: 205–207.
21. Mazur T, Hadaś E, Gustowska L, Winiecka-Krusnell J,
Linder E (1999) Secondary amoebic eye infections in mice
due to Acanthamoeba sp. Parasitol Res. 85: 776–778.
22. Mazur T, Jóźwiak M (1993) Pozamózgowe inwazje Acan-
thamoeba spp. u myszy. Wiad Parazytol, 39: 357–366.
23. Niederkorn JY, Alizadeh H, Leher H, McCulley JP (1999)
The immunobiology of Acanthamoeba keratitis.
Springer Semin Immunopathol, 21: 147–160.
24. Rakowska E, Zagórski Z (1994) Zapalenie rogówki
wywołane przez Acanthamoeba. Acanthamoeba
keratitis — a case report. Klinika Oczna, 96: 110–111.
25. Rivera F, Medina F, Ramirez P, Alcocer J, Vilaclara G,
Robles E (1984) Pathogenic and free-living protozoa
cultured from the nasopharyngeal and oral regions of
dental patients. Environ Res, 33: 428–440.
26. Rodriguez-Zaragoza S (1994) Ecology of free-living
amoebae. Crit Rev Microbiol, 20: 225–241.
27. Rosenberg AS, Morgan MB (2001) Disseminated acan-
thamoebiasis presenting as lobular panniculitis with
necrotizing vasculitis in a patient with AIDS. J Cutan
Pathol, 28: 307–313.
28. Rucka A (1974) Obraz zmian histopatologicznych
mózgowia i płuc myszy zarażonych patogennymi
pełzakami wolnożyjącymi. Wiad Parazytol, 20: 247–250.
29. Schuster FL (2002) Cultivation of pathogenic and op-
portunistic free-living amebas. Clin Microbiol Rev, 15:
342–354.
30. Steinberg JP, Galindo RL, Kraus ES, Ghanem KG (2002)
Disseminated acanthamebiasis in a renal transplant re-
cipient with osteomyelitis and cutaneous lesions: case
report and literature review. Clin Infect Dis, 35: 43–49.
31. Stewart GL, Kim I, Shupe K, Alizadeh H, Silvany R,
McCulley JP, Niederkorn JY (1992) Chemotactic re-
sponse of macrophages to Acanthamoeba castellanii
antigen and antibody-dependent macrophage-medi-
ated killing of the parasite. J Parasitol, 78: 849–855.
32. Tan B, Weldon-Linne CM, Rhone DP, Penning CL, Vis-
vesvara GS (1993) Acanthamoeba infection present-
ing as skin lesions in patients with the acquired immu-
nodeficiency syndrome. Arch Patol Lab Med, 117:
1043–1046.
33. Toczołowski J, Gieryng H, Gieryng R, Wróblewska E
(2000) Zakażenie pełzakami z rodzaju Acanthamoeba w
pływalniach i jeziorach Lubelszczyzny u osób stosujących
soczewki kontaktowe. Klinika Oczna, 102: 207–208.
